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COMPLETE SPECIFICATION 
Compositions containing Glycidyl Polyethers of Dihydric Phenols 



Wc, Naamlooze Vennootschap de 
Bataafsche Petroleum MaatschappiJj of 
30, Carcl van Bylandtlaan^ The Hague, The 
Netherlands, a company organised under the 

6 laws (rf The Netherlands, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by which 
it is to be performed, to be particularly 
described in and by the following state- 

10 ment: — 

This invention relates to new compositions 
of matter containing glycidyl polyethers of di- 
hydric phenols, whidi compositions cure to 
hard tough resinous materials upon addition 

16 thereto of a curing agent and are particularly 
but not exclusively suitable for adhesive, 
potting, casting and surface coating purposes. 
Useful resins have been prepared hcretdfOTe 
by curing a glycidyl polyether of a dihydric 
phenol with me aid of various curing agents 
such as amines, dicarboxylic acid anhydrides, 
and certain acids. The resin-forming in^e- 
dicnt employed for this purpose is the gjycidyl 
polyether of a dihydric phenoL The ^yddyl 
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polyether is obtainable by reacting at about 
50° C. to 150" C. at least one mol of epichlor- 
hydrin widi one mcd of dihydric phenol in 
the presence of a base such as sodium or potas- 
siimi hydroxide in amount of about 2 to 30% 
stoichiometric excess of base to the dfliydric 30 
phenoL Glycidyl polyethers of low molecular 
weight are obtainable" by mixing a large excess 
such as about 4 to 10 mols of epichlorhydrin 
with one mol of dihydric phend and adding 
an alkali to the heated mixture while the reac- 
tion progresses, the addition of the alkali being 
regulated so that the reaction mixture is kept 
at or near the neutral point. The unreacted 
excess of epichlorhydrin is removed by dis- 
tillation from the resulting reaction product. 40 
The polyethers are also obtainable by substi- 
tuting 1,3-dichloro-isopropanol for the 
epichlorhydrin in the noted methods and using 
about twice the amount of base. 

The predominant constituent of the glycidyl 45 
polyether of dihydric phenol is represented 
by the formula. 
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CH,— CH— CH,(0— R--<)--4^3— CHOH--CH2^^ 



wherein R represents the divalent aromatic 
50 hydrocarbon radical (which was linked directly 
to the two hydrox^d groups of starting dihydric 
I^enol), and n is any mteger. The glycidyl 
polyether also contains a small proportion of 
compounds of similar structure wherein one 
55 or both of the glycidyl radicals are replaced 
by 2,3-dihydrQxypropyl radicals (from hydra- 
tion of glycidyl radicals) and/or 3-choro-2- 
hydroxypropyl radicals (fromincomplete dchyd- 
rochlOTination). The glycidyl polyether is thus 
seen to have a chain oi alternating glyceryl 
and divalent radicals imited throu^ ether oxy- 
gen with glyceryl radicals in terminal position. 
The ether oxygen (as distinguished from epoxy 
oxygen and hydroxyl oxjrgen is linked to the 
primary carbon atoms of 3ie glyceryl radicals. 
The excess valencies erf the glyceryl radicals 
over those which link etKside and ether oxy- 
gen link and chemically 'bind hydroxyl groups 
and chlo^e atoms of the hydrated and hya- 
[Fricai 
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rochlorinated glycidyl groups in the molecule. 

The molecular weight of the glycidyl poly- 
ether, which is reflected in the value of tt in 
die above formula, is dependent upon the ratio 
of epichlorhydrin (or the substitute therefor) 
to dihydric phenol employed in preparing the 75 
polyether. The use of a ratio of about 1.25 
mols of epichlorhydrin per moL of dihydric 
phenol gives ^lydciyl polyether of intermediate 
molecular weight and chain length. By in- 
creasing the ratio of epichlorhydrin to dihydric 80 
phenol, the molecular weight is decreased. If 
the mole ratio of epichlorhydrin to dihydric 
phenol is about 10: 1 the product is essentially 
the diglycidyl diether of the dihydric phenol 
with n equal to or closely approaching zero. 85 
Likewise, the use of decreasing ratios of epich- 
lorhydrin to dihydric phenol down to a ratio of 
1 : 1 gives products of higher mdiecular weight. • 

Although a glycidyl polyether of the highest 
molecular weight is obtamable by use <rf low 90 
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ratio;; of cpii liloihyili in to (filiydrir plirnol, il 
is piclViiftl (o rdrcf picparal ion liy a tlilln^'iil 
niclhoi! ou'in}'. ti» itu- liu t thai rctnoval *>!' llir 
lornK-il J.all ami rxrcss base from tlir liij'Iit'r 

5 pnHlncIs i:; so dillifnlt. Hy rraitin^; less iIkui 
an ninivak-Mt anionni t>r tliliydrii' pluMU)! with 
a previously pn'parrd (»lycidyl polyclluT of 
tliliyilric plicin)! of iiilcriiK'diatr nM>k-i:iilar 
\vci^»Iit, ihorr is obtainal j.^lycitlyl polycdior of 

U* Miolrcular wcit'lii. Tlic ri*:»clion is crrftt<*tl 

by'hralini: :ind niixuif* the diliydric phenol willi 
(Ik- iiUerinciliatf molecular weight glycidyl 
jiolyethcr in a melt atid iiiantaininj^ the 
temperature at about 1S(>' C. to 200" (-. for 

U> several hours' time whereby the thermoplastic 
plycidyl polyeihcr i>f high molecular weij^Jit is 
obtained. 

In usiny: the glycidyl polyether of a diliytlric 
phenol in many applications sucli as for atlhes 
vO ivc, potting, casting and like purposes, il is 
desirable and customary t<> employ a poly- 
ether which is u mobile liquid nt ordinary tem- 
perature so as to facilitate spi ending or pt>uring 
thereof, and such glycidyl polycthcrs arc fount! 
amongst those having a low molecular weight. 
Tlic glycidyl polyether is usually employed in 
the applications just mentioned in unnihitcd 
conditions because incorporation of most inert 
viscosity reducing solvents with the polycthcr 
30 gives a cured resm which has greatly redticed 
physical strength as compared to the cured 
resin from undiluted polycthcr. Wliilc con- 
siderable success has been obtained in using n 
normally liquid glycidyl polyether of a dihydric 
3f) phenol in adhesive ancf potting applications, 
the resultingcurcd resin lacks certam desirable 
properties. The cured resin is unduly brittle 
and lacks desired toughness. 

Wc have now found that a cured resin of 
40 improved properties, particularly improved ad- 
hesive properties, can be obtained from a mix- 
ture of two different dycidyl polyethers of a 
dihydric phenol wherein a small proportion of 
glycidyl polyether of hi^h molecular weight 
46 is in admixture with glycidyl polyether of low 
molecular weight. 

According to the present invention there is 
provided a composition of matter comprising 
a first glycidyl polyether of a dihydric phenol 
60 in adnuxture with an added 3% to 20% by 
weight of a second gljrddyl polyether of a dihy- 
dric uhenol, said first glyci(lyl polyether havmg 
a Durrans' Mercury Method melting point 
below 30' C, a 1,2-epoxy equivalency as here- 
56 inafter defined between 1.6 and 2.0 and con- 
taining 1 to 1.5 <rf the aromatic radicals in the 
average molecule thereof; and said second 
glycidyl polyether having a Durrans' Mercury 
Method melting point above 75* C, a 1,2- 
60 epoxy equivalency as hereinafter defined of 
1.2 to 1,8 and containing at least 4 of the 
aromatic radicals in the average molecule there- 
of. The said composition is thus glycidyl poly- 
ether of a dihydric phenol of short chain length 
66 having low melting point so as to be liquid at 



iK^inial ieni))fialiir<- in adinixloie with n ?;nian 
pM)jior(lon j'jyc iilyl polyellirr of a dihydric 
phenol of" h>nj» t hain UMij'.th having a lugh meli 
in|' point so as lo be a stilitl at normal tempera 
lore. The dihydric pheiH>I from whiili the two VO 
glyi iilyl iH>lyelhers are ilerive*! can be thr Name 
or dillerent. 

'I'lte Diirrairs Mercuiy Metbo<l melting 
point of the polylliers means tlie melting point 
as det{'Mnined by the method of T. 11. Durranrt VIi 
for thei nioplaslic materials tlescribed in I. Oil 
ami Colour Chem. Assoc., 17, 17 < S (V>?*)). 
'VUv method gives quite accurate and repro 
dni'ible results. 

'llie iMimlx:r of aromatic radicals in the H(J 
averiigr molecule of the glycidyl polyether of 
n dihydiic phenol is equal lo rr I 1 wherein tt 
is as described above with respect of the struc- 
tural formula of the glycitlyl tiolyethers. 'Ilic 
value of n is related to the molecular weight H * 
of the glycidyl polyethers. Hie niolecnlnr 
weight is conveniently measured by the cus- 
tomary ebullioscopic method with use of ethy- 
lene tlichloride as solvent for the glycitlyl r«>lv- 
ciher. The value of n is calculated from the DO 
formula 

M— A 146 

n — 

A 1 90 

wherein II is the measured molecular weight 
of the glycidyl polyether, and A is the mole- 
cular weight of the divalent aromatic radical 
contained in the polyether, i.e. the calculated 
molecular weight of the aromatic radical which 
is linked directly to the two hydroxyl grouns 
of the dihydric phenol from which the glyddyl 
polyether is derived. 100 

The lj2-cpoxy equivalency of the glycidyl 
polycthcr is denned for the purpose of the 
present specification and the appended claims 
as the number of epoxy groups. 

O 

CH.— C— 105 
I 

contained in the average molecule of the gXy- 
cidyl polyether. The 1,2 epoxy equivalency is 
equal to the measured molecular weight divid- 
ed b^ the epoxide equivalent wei^t. The 
epoxide equivalent weight is the weight of 110 
glyddyl polyether which contains and is equi- 
valent to one 1,2-epoxy group. It is determined 
by heating a weighed sample of the polyether 
with an excess of 0.2N pyridinium chloride 
in diloroform solution at the boiling point 115 
under reflux for two hours whereby the pyrid- 
inium chloride quantitatively hydrochlorinates 
the epoxy groups to chlorhydrin groups. After 
cooling, the excess pyridinium chloride is back- 
titrated witii O, IN sodium hydroxide in meth- 120 
anol to the phenol-phthalein end point. The 
epoxide equivalent wdght is calculated by con- 
sidering tfiat each molecule of consumed HCl 
from the pyriditiium chl<»^de combines with 
an epoxy group. 125 
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The composition oi the present invention 
are prepared by mixing the proper proportion 
of high melting glycidyl polyethcr with the 
low mHring polyether. In order tihat the de- 
ft sired honiogcncous mixture will be obtained, 
it is convenient to add the higji melting poly- 
ether in finely divided or powdered condition 
to the low meldng polycther which is heated 
to about 50" C. to 125° C. The mixture is 

10 then maintained hot, and is stirred until the 
mixture homogenizes with solution of the solid 
polyethcr in the melt. If desired, the high 
melting constituent may also be melted before 
addition to the low melting component. 

16 , The low melting component of the composi- 
tions is glyddyl polyetter derived from any 
one of various dihydric phenols. Suitable dihy- 
dric phetu^ include and are exemplified by, 
but not limited to, such compoimds, as resorc- 

80 inol, l,l-bis(4-hydroxyphenol) ethane, 1,1-bis 
(4-hydroKyphenyl)propane, 2,2-bis(4-hydroxy- 
phenyl)propane, l,l-bis(4-hydroxyphenyl)but- 
ane, 2^-bis(4-hydroxyphenyl)butane, 1,1-bis 
(4-hydroxyphenyl>2-met|iylpropane, 3-3-bis 

S6 (4-hydroxyphenyl)paitane, and l,l-bis(4-hyd- 
roxyphenyl)-2-ethylhcxane. Also suitable are 
isomeric compounds to those listed above 
wherein the phenolic hydroxyl groups are in 
the 2,4^ positions and the 2^2^ positions. The 

80 dihychic phenols are seen to be free from 
functional groups other than die phenolic hyd- 
roxy! groups. 

Although the compositioDS may contain a 
glyddyl polyether of a dihydric phenol which 

86 has a Durrans' melting pomt between 20 C. 
and 30' C. as major component, the desirable 
properties are best obtained with compositions 
containing a polyether having a melting point 
below about 15*" C. Preferably the low melting 

40 constituent is glycidyl pdyeflier of 2,2-bis(4- 
hydroxyphenyl)propanc having a melting pomt 
below 15" C. Particularly from about 5" C. to 
12' C. Another very suitable low melting com- 
ponent is the glycidyl polyethcr of l,l-bis(4 

45 nydroKyphenyl)etfaane. 

As explained befocie, the dihydric phenol 
from which the low mdting and hi^ melting 
glycidyl polyether is derived can be either the 
same or different. It is generally preferred that 

60 both glycidyl polyethers be derived from a 
single dihydric phenol, and that it be 2,2-bis- 
4-hydroxyphenyl)propane. However, excellent 
results are obtained with compositions contain- 
ing a low melting glycidyl polyether of 1,1-bis 

66 (4-hydrO!xyphenyT)ethane and a high melting 
glyadyl polyether of 2,2-bis(4-hydroxyphenyl) 
propane. 

The high melting component erf the com- 
positions IS glycidyl polyether of a dihydric 

00 phenol that has a Durrans* melting point above 
75* C. and contains at least four 1) of the 
aromatic radicals from the dihydric phenol. 
The aromaftic radical is the whole divalent 
hydrocarbon radical of the dihydric phenol, 

G5 i.e. the radical which was linked direcdy to 



the two phenolic hydroxyl groups of the dihy- 
dric phenol. For example, the aromatic radical 
contained in glycidyl polyether of 2,2-bis(4- 
hydroxyphenyl)propane is the 2,2-bis(4-pheny- 
lene) propane radical, and that in the po^rether 70 
of ljl-bis(4-hydroxyphenyl)ethane is the 1,1- 
bis(4-phenylene)ethane radical. 

While the long chain constituent of the com- 
position has a Durrans' metling point above 75° 
C. best results are obtained with a glycidyl 75 
polyether having a melting point considerably 
above tiiis minimum. Excellent results are ob- 
t^ed with a polyether having a melting point 
erf at least 125" C. There appears to be no 
parucular upper limit to the melting noint for 80 
suitabihty, but generaUy it is not greiter than 
about 180' C. The glycidyl polyetiiers having 
a meltmg pomt between 125° C. and 180° C 
which contain 6 to 15 of the aromatic radicals 
in the average molecule thereof are very suit- So 
aWe Particularly preferred high melting 
pladyl polyetiier for use in die composition 
IS tiie glycidyl polyether of 2,2-bis(4-hydroxy- 
P^%^y^)P^^P^^^ having a melting point of from 
140: C. to 160« C. AU of thlligh miting yn 
gylcidyl polyethers having a 1,2-cpoly equival- 
ency of about 1.2 to 1.8. f j h 

hJJ!^' ^fl ^^^^ ^¥^^y^ polyethers can 
be derived from any or the particular dihydric 
phenols described above in connection with tiie «I5 
low melting polyethers. If desired, tiie hfeh 
melting polyethers can be prepared from oth%r 
P5?nols such as, e.-iamole, 4^? 
t^lt'V^i."^^Al^h bM4-l^y<iroxyphenyl) Me- 
thane, 2,2-bis(4-hydroxy-2-metiiylphenyl) pro- lUO 
pane, 2,2-W4-hydroxy-2-te^^ 

? s^^T'^ I'^^^-hydroxynaphtiiyiietiJaSe and 
1,5-dihydroxyriaphtiialene. These dihydric 
& fractional groups 

oA^than tiie two phenolic hy^o^l 105 

The compositions of die present invention 
consist essentially of the low melting glycX 
§o3^'f'^in? admixture witii about an added 
3% to 20% by weight of the high melting 110 

SL^lJin^^rl^"' ^-^.^^ compositions^? 
lam 100 parts by weight of low melting con- 
stituent and about 3 to 20 parts of high melting 
component Very suitable compositiolS conSI 

melting glycidyl polyetiier. lie oompositio^ 
may also contain very minor amounts of im- 
^1^%. 7"^^^ types normaUy associated 
with the glyadyl pclyetiiers including free 
f^^'^^^'^^^P^POunds such as phenol Snd/oi 120 
die dihydric phenol from which tiie polyediS 
are derived. The compositions may fie 4tir^ 
tree trom phenols, but in any event, they con- 
tain less tiian about 0.004 equivalent of pheno- 
hc hydroxyl per 100 grams? ^ ) 

According to a preferred embodiment of tiie 
present invention tiie composition, comprising 
a glycidyl polyetiier of low molecular weight 
m admixture iiwtii a glycidyl polyetiier of hSh 
molecular weight, may also contain 5% to 25^ 130 



7 U./i'l I 



by wii)',I>l i)\ a Iii|iii<l nliphatir pivlycpoxitir. 
'Iliiir. chr |)itlrncil t oiii)>u;.it i(>ns ol llic in 
vnujoii lonl.iin lit lali y !(K) luiK?. l)y wci)'.li| 
t)f llir low iiu llin}', I oiistiliicnt, aboiil ^ to /() 
* 6 pari;; <»1 I lie lii^-li iiu lliiiii coiupoiu'iit aboiil 
^ It) 7.'> i>ails ol ilu- alipliafic pt)lyt'poxidc-. 

riu- iifipiialic polycpoxulcs cinploycti as Hit- 
liiiiil coiuponont in iIh* pirlfrird coini)0!;ilu)ii 
of I he privicnl invculioi* is tl niobilr bqiiid liav- 
10 a vi;ut>siiy of Uss lliaii ab«)\it MOO ccnii 
pi>isrs !il y'.S C. bi bcinij a polycpoxido, tho 
rubslaiK-r toiilains two or more epoxide groups 
in the molecule. 'Muse may be 1,2 epoxide 
}',i(>ups in llie terminal posilioni^, or llicy may 
IT) be non- terminal epoxide j;raiips. In all cases, 
llu' two bonds ol the epoxide oxygen 
aH.m aie linked to diHerent saturated 
carbon atoms which arc adjacent und 
linkeil directly together. The pol^cpoxidc is of 
20 alijihatic character and thus Ircc of cyclic 
nroinatic liydriK:arbaii groups us well us being 
free from reactive fuiictioiuil jjroups other than 
cpoxy und hydroxyl groups. 

A vnricty of particular polycpoxitic com- 
25 pounds and suslanccs arc suitable fw use in 
cnniposilions of the present invention. The 
simplest dicpoxidc contains at least four carbon 
atoms us is the case with butadiene dioxide, or 
l,2-cpcxy-3,4-epoxy-butane. llie cpoxy groups 
80 may be Bepurated from each other by ether, 
oxygen or sulphur us in bis(2,3-cpoxvpropyl) 
ether, bis(2,3-epoxybutyl)ethcr, bis(2,3 cpoxy- 
proj^yl) thiucthcr und l,2-bi8(2,3-cnoxypropy- 
loxy)cthunc. Also suitable arc mobile liquid 
86 coinj)lcx polycpoxidcs obtained from the reac- 
tion of «l least two mole of cpichlorhydrin with 
a mol of polyhydric alcohol such as glycerol, 
crythritol, dicthylcne glycol, pcntacrythritol or 
polyallyl alcohol, in the presence of a catalyst 
40 such as BFa-cthcr complex followed by 
dchydrochlorination of the resulting chlorhy- 
drin polycthcr with a base such as sodium 
silicate. Epoxidiscd triglycerides constitute a 
preferred class of aliphatic polycpoxidcs. These 
46 arc prepared by epoxidismg the olefinic un- 
saturati6a contained in the acyl groups of 
natural oils with per fatty acids such as perace- 
tic or performic acid. For example, see the 
method described in United States Patent No. 
50 25485,160, according to which an unsaturated* 
compound is epoxidizcd with a mixture of 
hydrogen peroxide and formic acid at a tem- 
perature of 10" to 100' C. said hydrogen per- 
oxide being present in a ratio of 1 to 2 mole, 
66 and said formic acid in a ratio of 0.25 to 1.0 
mole, for each double bond in each mole of 
the ester to be epoxidised. Folyepoxides of this 
type include epoxidised soybean, cottonseed 

J)eanut, olive, com, tobacco seed, perilla, castor, 
inseed, sunflower and saflFIower oil. These 
epoxidised vegetable oils are mobile liquids that 
contain about 2,5 to 5 epoxy groups per mole- 
cule. It has been found that epoxidised say- 
bean oil is a particularly suitable member of 
the preferred class. 



I'hr j)ir:.rntc llir :ilij)ha(ic polyrpoxido 
in llu- I onijinsilion til ihc pirsfiil invcnlitm udd;. 
I',trally to jls iilihiy biirihcMnorr, ihc funumn 
(>1 llu- polyrpnxidr in ihr coinpusil ion i% nn 
( xiui icd. The niixinrr of low nu lling >?ly* >»W1 '^^ 
lH)lyrihci o\' II iHhytliic iiluiu>l iiin!nininf» ihc 
small proporiion t)i uiKled hi^Jj nirllniK y,\y 
cidyl |M>!yrlhi'r may be a liquid t)f snih hif.h 
viscnsUy (hat it cannnt be cx>nvenirntly NpM'ad 
i\\ normal tempcraiure in apnlical ion;; m «n <•> 
nilbr!;ive. Ily incorporating tde liquid polyr 
poxiilr thrrcwiilu a spreadablr composition is 
obtained. Inirthcrniorc, the cured comptwition 
irHiins its hiKii strmr.lh properties in Nj»itr ol 
the iiulnsion therein of the licpiid ahpluuit ^.«) 
polyepcyxide, 

T lie preferred coinptwilion of I he prefirni in 
vt ntion is prepared by briiij^ing the fhire coni- 
tmnrnts tiy,ethcr into aliomoj^eneousmixiurc. !« 
IS convenient to add the high melting glvcidyl M.i 
polyeihcr in fnicly divided or powdereif con- 
dilitMi to the low melting polycther whi<:!i is 
healed lo iiboni 60" C. to 12Q"'C. and to stir the 
mixture iit the elevated temperature until the 
hiuh niellinj^ polyeihcr dissolves. The aliphatic lU) 
pi3yepoxitle is then stirred in to complete the 
I)repHrHtioti. 

'rlie prcpuration und properties of several 
typical glycidyl polyelhers or dihydric phenols 
URcd in compositions of the invention arc des- \K) 
cribcd below, ihc purls and pcrccnlUKCs are 
by weight. The first five preparations relate to 
low melting polycthcrs. 

POI.YETHRR L — 1 
A solution is prepared by dissolving 2,2-bis 100 
(4-hydraxyphenyl)propanc m slightly aqueous 
enichlorhyarin m the proportion of 5130 parts 
(22.5 mols) of the dihydric phenol in 20812 
parts (225 mols) of cpichlorhydrin and 104 
parts of water. The solution is prepared in a 105 
kettle provided with heating and cooling equip- 
ment, agitator, distillation condenser and re- 
ceiver. A total of 1880 parts of solid 97.5% 
sodium hydroxide, corresponding to 2.04 mols 
of sodium hydroxide per mol of buHphenol |10 
(2% excess) IS added in instalments. The first 
instalment of 300 parts of sodium hydroxide 
is added and the mixture heated with efficient 
agitation. The heating is discontinued as the 
temperature reaches 80* C. and cooling is 115 
started in order to remove exothermic heat of 
reaction. The control is such that the tempera- 
ture rises only to about 100" C. When the 
exothermic reaction has ceased and the tem- 
perature has fallen to 97° C. a further addition 120 
of 316 parts of sodium hydroxide is made and 
similar further additions are effected at succes- 
sive intervals. An exothermic reaction takes 
place after eadi addition. Sufficient cooling is 
applied so there is gentle distillation of cpich- 125 
lorhydrin and water, but the temperature is 
not allowed to go below about 95** C. No cool- 
ing is necessary after the final addition of 
sodium hydroxide. After the last addition of 
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sodium hydroxide with completion of die reac- 
tion, the excess epicblorhyckin is removed by 
vacuum distillation with use of a kettle tem- 
perature up to 150' C and a pressure of 50 
6 millimetres pressure (mercury). After com- 
pletion of the distillation^ the residue is cooled 
to about 90" C. and about 360 parts of benzene 
are added. Cooling drops the temperature of 
the mixture to about 40^ C. with precipitation 
10 of salt from the solution. The salt is remoyed 
by filtration and the removed salt carefully 
washed with about an additional 360 parts of 
benzene to remove polyetibcr therefrom. The 
two benzene solutions are combined and dis- 
16 tilled to separate the benzene. When the kettle 
temperature reaches 125 * C. vacuum is applied 
and distillation continued to a kettle tempera- 
ture of 170" C. at 25 millimetres pressure. 
The resulting liquid glycidyl polyether of 232- 
20 bis(4-hydroxyphenyl)propane has die following 
properties: — 

Durrans' melting point - - 9* C 
Molecular weight « - - 370 
Epoxide value (epoxide equiva- 
26 lents per 100 grams) - - 0.50 
Epoxide equivalent wwght - 200 
Hydroxyl value (hydroxyl 

equivalents per 100 grams) - 0.08 
Per cent, chlorine - - - 0.46 
'60 From the above values^ n is 0.106 so the 
average molecular of the polyether contains 
1.106 of the aromatic radicals therein. The 1,2- 
cpogQT equivalency of the produa is 1.85. 

Polyether L — 2 

36 A solution consisting of 11.7 parts of water, 
1.22 parts of sodium hydroxide, and 13.38 
parts of :2,2-bis(4-3iydroxyphcnyl)pro!panc is 
prepared by heating tiie mixture of ingredients 
to 70" C and then cooling to 46° C. at which 

40 temperature 14,06 parts of ef)ichlorhydrin are 
added while agitating the mixture. After 25 
minutes have elapsed^ there is added during an 
additional 15 minutes' time a solution consist- 
ing 5.62 parts of sodium hydroxide in 11.7 

46 parts of water. This causes the temperature 
to rise to 63" C. Washing with water at 20" C, 
to 30" C. temperature is started 30 minutes 
later and continued for 4i hours. The product 

50 is dried by heating to a final temperature of 
140* C. in 80 minutes, and cooled rapidly. At 
room temperature, the product is an extremely 
viscous, semi-solid having the fc^owing pro- 
perties: — 

65 Durrans' melting point - - 23° C. 
Molecular weight - - - 460 
Epoxide value (equivalents 

epoxide per 100 grams) - - 0.409 
Epoxide equivalent wd^t - 244 
00 Hydroxyl value (eqmvalents 

hydroxyl per 100 grams) - 0.20 
Per cent, dilorine - - * 0.18 
The valne of n is thus 0.42 and the 1,2- 
epoxy equivalency is 1.88. 



Polyether L — ^3 (:5 
Resordnol is dissolved in epichlorhydrin in 
the proportion of 1 mol of resorcinol to 10 of 
epicblodiydrin containing about 1% of water. 
Solid sodium hydroxide is added in three suc- 
cessive portions in a total amount of 2,04 mols 70 
I>er miol of resorcinol with a short heating" up 
tim e , and rapid reaction and control <^ tem- 
perature. The product is isolated from benzene 
solution as described above with reference to 
Polyetiier L — 1. The obtained glycidyl poly- 75 
ether of resorcinol is a viscous liquid having 
a Durrans' melting point of - 9*^ C, an epoxide 
equivalent weight of 136.5 and a chlorine con- 
tent of 0.40%. 

Polyether L — 4 sO 
A glycidyl polvedier is prepared from 142 
pares of l,l-bis(4-hydroxyphenyl)ethane dis- 
solved in 644 parts of epichlorhydrin. The mix- 
ture is slowly heated to 70" to 80" C. and a 
a total of 54.5 parts of solid caustic pellets are 35 
slowly added. The temperature rises to about 
115; C, but falls to 100" C. as water forms 
during the reaction^ the reaction mixture being 
refluxed. After about 1.5 hours' reaction H mg^ 
the excess epichlorhydrin is then distiljed off gn 
imder vacuum. 150 parts of benzene is added 
to the residue and the mixture is filtered free 
erf salt. The filtered salt is washed with a like 
amount of fresh benzene and the washing com- 
bined with the benzene solution of product. 95 
The benzene and traces of epichlorhydrin are 
then removed from the product by vacuum dis- 
tillation at pressure of 0,5 millimetres (mer- 
cury) up to a temperature of about 165" C 
The resulting liquid glycidyl polyther has the 10 I 
following properties: — 

Durrans^ melting point - - 2** C 
Molecular weight - - - 342 
Epoxide value (equivalents 

epoxide per 100 grams) - - 0.540 100 
Epoxide equivalent weigjit - 185 
Hydroxyl value (equivalents 

hydroxyl per 100 grams) - 0.08 
Per cent, chlorine - ^ . 0^73 
Calculation gives »=0.06 and the 1,2-epoxy HO 
equivalency is 1.85. 

POLYBTHBR L — 5 

A solution of 100 parts of 1,1- bis(4-hydroxy^ 
phenyl>2-ethy]hexane dissolved in 308 parts 
epichlorhydrin containing 1.3 parts of water is 115 
heated to 90^ C. Then 27.7 parts of sodium 
hydroxide are added at a rate sufficient to keep 
the reaction mixture refluxing at 95° to 100* 
C. from the heat of reaction. The excess epidi- 
lorhydrin is stripped out to a final temperature 120 
of 150° C. under 10 millimetres pressure of 
mercury. Two hundred parts of benzene are 
added, the precipitated sodium chloride re- 
moved by filtration and benzene distilled off 
to a final temperature of ISO'' C. at 8 to 10 125 
millimetres (mercury) pressure. The resulting 
viscous glycidyl polyether has the following 
properties: — ^ 
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Dimniis^ nulling; jUHiil 11 ^• 

Mtilcculai wci^»lit ~ - 441 

lipoxiilc v;ilnr (cquivuU nJs 

iiu»xiut pci 101) f;r;ims} 0.3'> 
ft l':|r.>xidc cquiviilciil wciglu - 2^i> 
llyt!ii>xyl value (ctiuivaUiils 

liyaroxyl ikm 100 i-rains) - 0.1 
Tor Lciii. ciiloi inc - - 1.3 

Witli (his pnHlnci, n OAS and the I,/- 
Ul q)axy ( iiuivalciK-y is l.'U. ricpaialioii and pm- 
pci iios ol iiigh nu'Iiiiii; glycidyl polycihcih will 
iicxl be cxcnipliiu d. 

1\)LYi:tiihr H — 1 
In a vessel liiU'd with an agitator, 22K iuuIh 
16 ol 2,2-bis(4 liydroxyphcnyl)proiianc and ^^ 
pails of sodium liydi oxide as a 10% uquei>UH 
solution arL introduced and heated to about 
4> C'>. wheiLupon 113 parts ol epiclilorhyrin 
are adtled rapidly while agiiaiing the mixture 
20 icniperaiurc of the mixlure is then gradu 

ally increased and maintained ai aboui 9^ C. 
ior 80 minutes. The mixture separates into u 
two-pliasc system and 'the aqueous layer in 
drawn otl from tlie product of syrupy consm- 
2 , leiicy which forms. I'lic latter is washed with 
hoi water while moUeu until ihc wash wnicr 
is ncuirul to hunus. The product is then 
drained and dried by heating to a iinal tem- 
perature of 130 C. The reHuUiug stilid gly- 
cidyl poiyLther has the following properties - 
Durrans' melting pomt - ' ^' 
Molecular weight - - - 1400 
liptMcide value (equivalents 

epoxide per 100 grams) - - 0.12 
a<) Epoxide equivalent wcij^t - 834 
Hydroxyl value (equivalents 

hydroxyl per 100 grams) - 0.348 
Per cent, cmorinc - - - 0.14 
The value of n is 3.74 and the l^a-cpoxy 
40 equivalency is 1.68. 

POLYETHER H — 2 

To 100 parts of Polycthcr L — 1, there arc 
added 45 parts of 2,2-bisf4-hydroxyphcnyl) 
propane and the mixture is heated at 200" C. 
45 for 90 minutes with occasional stirring. The 
proportion of dihydric phenol is such that 
about 0.78 equivalent of phenolic hydroxyl 
group is initially present per equivalent of 
epoxide in the glycidyl polycthcr. Tlic rcsultmg 
50 solid product has the following properUcsj — 
Durrans' melting point - - 86 C. 
Molecular weight - - - 1230 
Epoxide value (equivalents 
epoxide per 100 grams) - « 
55 Epoxide equivalent weight - 855 
Hydroxyl value (equivalents 

hydroxyl per 100 grams) - 0.354 
Per cent, dnorine - . - , , 

This high melting thermoplasac glycidyl 
60 polyether of 2^-bis(4-hyroxyphenyl)propane 
has n=3.1 and a l^-cpoxy equivalency of 
1.44. 

Polyether H — 3 
To 100 parts of Polyether H — 1 heated to 
65 about ISO" C. there are added 5 parts of 2^ 



\n\{'\ liytltoxyplirnyOi'iopanc. The hcultni; in 
nmhmial h>i about Z hoiiis vvlulc uliiiiiij.', and 
gindu;illy iiu i cjisinj', the tcniiKTaluie lo JiH) 
i':. Ihv irMillin^', holtd piodiiU lia;i llii: loUi>w 
mj; iMopctlieM- 

1 )niran.s' nurlting poinl - 1220. 

Molieiilai weiyhl - - - 29(M> 

lipoxide value (equivalents 

rpoxiile per 100 i^ anis) - - 0.(>t> 

lipoxide equivalent weight - Uy'/O 

liyihoxyl value (equivalents 

hydroxyl per 100 grams) - (i.J7 

I*C! tenl. eliioi ine - - - O.l.^ 

The value of n is 9.0 and llic 1,2 cpoxy 
( t|iiiviileiKy is 1.7. 

Pui.YiiTiiuu li- 4 

Hy using 7.75 parts of 2,2-biN(4 hydrnxy- 
plunyl)iin>paue with 100 parts ol Polycthcr 
11 I and cllecling the reaevion under the huuic 
ctMulitiDus us described above tor rolycihci Hft 
11 3, there is obtained glyctdyl polycthcr hav- 
ing the iollowing properUcs: — 

Diurans' melting point - 

Molecular weight _ - - 

lipoxide value (equivalents 
epoxide per 100 grams) - 

lipoxide equivalent weight 

Hydroxyl value (equivalents 
hydroxyl per 100 grams) 

Per cent, chlorine 



70 



m 



148 

37i>0 



C. 



0.036 
2780 

0.40 
0.13 



00 



-:12.0 and an 



Ihis solid product has n 
epoxide equivalency of 1.35. 

*i he compositions ol the present invciuions 
lu^c prepared from tlic above-described poly- 
cilicrs by adding and mixing 3 to 20 parts, lOU 
preferably 5 or 10 purls, by weight of small 
particles of any one of Polyether H — 1, H — 2, 
H— 3 or H — 4 with 100 parts by weight of 
anv one of Polycthcr 1^1, 1^2, 1.— 3, L— 4 
or Lr-5 heated to about 80" C. to 100 C, lo: 
and continuing the heating at such temperature 
until the particles dissolve and homogenise, 
which occurs in not over about 2 hours' time. 
Upon cooling to room temperature of about 
25" C. the compositions are Uquid although IK 
some have high viscosity. 

Viscosity data on certain compositions of the 
present inventioa arc tabulated below, the vis- 
cosity having been measured with a Brookficld 
Viscosimcter at 25" C The viscosity of Poly- Hi 
ether L — 1 is 12,400 centipcnses and that of 
Pcdyether L — 2 is above 100,000 centipoises. 
The upper limits of measurement with the 
Brookfidd Viscosimeter is 100,000 centipoises. 
The parts are by weight for the tabulated com- I2i 
positions. ^ 

Table L 
Composition 
100 parts polycthcr L — 1 plus: 
5 parts polyether H — 1 
5 parts polycthcr H — 3 
5 parts polyether H — 4 
10 parts polyether H — ^1 
10 parts polyether H — 3 
10 parts polyether H— 4 



No. 



1 
2 
3 
4 
5 
6 



Viscosity 



30,200 12 
45,500 
54,600 
64,400 
89,300 
above 100,000 la 



736,641 



In wdcr to eflFcct cnrca 4.76% by weight of 
pipcridinc was added to each of Compositions 
Nos. I to 3, and 4.55% by weight to each of 
Compositions Nos. 4 to 6 The mixtures were 
5 then heated for 24 hours in an air oven set at 
60* C, The resulting cured resins were hard 
and tough. 

Various optional ingredients can be incor- 
porated with the compositions of the present 

10 invention. Their choice and amount is largely 
governed by the particular use to which the 
compositions are put. 

Certain compositions ctf the present iaventioa 
may contain a cyano-substituted hydrocarbon 

16 as viscosity reducing diluent. They are norm- 
ally liquid in having a melting point below 
10" C. and contain one or more nitrile groups 
linked to the hydrocarbon radical which may 
be of any type desired, saturated or unsatur- 

20 ated; alij^tic^ alicyciic or aromatic. Although 
it has been found that acetonitrile or methyl 
cyanide is particularly preferred, examples of 
other suitable compoundis include propionitrile, 
butyronitrile, capronitrile, lainronitriie, acry- 

26 lonitrile, methacrylonitrile, crotonitrile, oleoni- 
trile, 2-cyano-13-butadicne, succinonitrile, 
glutaronitnle^ adiponitrile, fumaronitrile, allyl- 
maiononitrile, cydopentyl cyanide^ cyclohexyl 
cyanide, l,2-dicyanocyclohexane5 beiizonitrile, 

80 and phcnyl-acetonitrile. In general, it is pre- 
ferred to employ a cyano-substituted saturated 
hydrocarbon containing one to two cyanide 
groups, which compoimd contains 2 to 8 carbon 
atoms. Good results are obtained with alkyl 

85 cyanides containing up to 4 carbon atoms, al- 
though higher members this class attain- 
ing up to 12 carbon atoms and having melting 
points bdow 10* C may be used, if desired. 
The compositions may also contain one or 

40 more comminuted inorganic fillers such as 
asbestos, aluminium oxid^ silica, bauxite, zinc 
oxide, china clay, titanium oxide and silicon 
carbide. 

In using the composition for adhesive pur- 

46 poses in metal-to-metal bonding, it has been 
found useful also to include an inert solid com- 
minuted filler ra the composition in amount of 
about an added 5^ to 400% by weight based 
upon the low melting glyddyl poiyether in the 

60 composition. Inorganic fillers such as iron oxide 
or asbestos, not only contribute to the shear 
strength of the cured resin bcmd, but also im- 
prove tlie retention of high strength at devated 
temperatures. 

56 In using the compositions of the present in- 
vention, a hardening agent is incorporaated 
therewith. Upon the addition of the hardening 
agent, the compGlsition ?bqgins to cure and 
harden even at ordinary temperature. A great 

60 variety of substances are now known to be 
hardoiixuj; agents for the resin-foaming ingre- 
dients of the composition such as alkalies like 
sodium or potassium hyroxide; alkali phen- 
oxides like sodium phenoxides; carboxylic 

65 adds or anhydrides such as iocadc add^ oxalic 



acid (w phdialic anhydride; Friedel-Crafts 
metal halides like aluminium chloride,, zinc 
chloride, ferric chloride, or boron trifluoride, 
as well as complexes thereof with ethers, acid 
anhydrides, ketones and diazonium salts; phos- 70 
pheric add and partial esters thereof including 
n-butyl orthophosphate, diediyl cHrthophos- 
phate and hexaethyl tetraphcsphate^ and amino 
compounds such as triethyl amine, ethylene 
diamine, diethyl amine, diethylene triamine, 75 
triethylene tetramine, pyridine, piperidine, N.N- 
diethyl-l,3-propanediamine, dicyandiamide and 
mdamine. The hardening agent is added and 
mixed in with the composition in order to efiFect 
hardening. The amounts vary considerably de- 80 
pending upon the particular agent employed. 
For the alkalies or phenoxideSj 2 to 4 per cent 
is suitable. With phosphoric add and esters 
thereof, good results are obtained with 1 to 10 
per cent added. The amino compoimds are 35 
used in amounts or about 5 to 15 per cent and 
the others involve the additicm of about 1 to 
20 per cent. 

When using the composition of the present 
invention for adhesive purposes, the composi-QO 
tion, which may also contain various optional 
constituents, has added thereto sufficient 
hardening agent and die mixture is applied 
as by spreading upon a surface desired to be 
united to another surface as a layer of about 95 
0.0005 to 0.1 inch thickness. The adhesive 
mixture is suitable fcH: uniting various surfaces 
such as wood to wood, wood to metal, metal 
to metal, resin to resin, or any combination 
thereof. After application and joinder of the 100 
surfaces desired to be imited, the adhered 
artides are allowed to cure for a period of from 
about 30 minutes to a day or more, depending 
upon the hardening agent and temperature em- 
ployed. In this time when heating is omitted, 105 
the adhesive composition will set up to a solid 
which will permit ordinary handhng thereof. 
Maximum strength for the adhesive layer will 
be reached withm one day to two weeks. While 
the application is effected at ordinary atmos- HO 
pheric temperature and the cmring may also be 
permitted to occur at such tmperature, the cur- 
ing may be effected in shorter times at devated 
temperatures such as up to IS"' C, 100** C, 
150" C, or even higher in some cases. In cases 115 
where elevated curing temperature is employed, 
the chosen temperature is bdow the boiliog 
temperature of the lowest boiling constituent 
contained in the mixture, and preferably, it is 
at least 20' C. bdow such boiling temperature. 120 

The cured resin from the compositions of 
the present invention has very high physical 
strength and toughness as may be observed by 
subjecting the resin to thermal shock tests. 
Like other resinous materials, the cured resin 126 
has low heat conductivity. If a sizable sample 
of the resin is thrust into a medium of appre- 
ciably different temperature from die initial 
temperature of the sample, great physical strain 
occurs in the outer part tit the san^le from 130 
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thoriiKil cxp;msit)n oi n»iiti;K lion with ilu' 
I t suit the saiiiph* will ci:kK iinlc:.:, ii has 

the slreiigili anil lt>iij.',inu\s iieetlftl to wilh- 
simikI ihc lc\sl. i'oi rxiiniplr, ii yj.ww sample 
5 1)1 (he eoiHiinsiiion et>iitaiiiiii^'. 1(10 pari;, by 
v/cii;hl 1)1 l\>lyeJhtt i. I iiml 10 i)ai ls ol l\)ly- 
clliei II ^ was pirpaird ami phuctl in a i)a])cr 
eiip aioni; with aiuillui M) giam sample ol 
l\»lyctluT 1, 1 aloiic in anoiliei cup. To each 
10 w^Mc added grams ol pijici idiiic as curiiii^ 
agciu. 'I'hc samples were rcsiiiiliod to hard 
resins by hcainij' lor liours in an oven set 
at ()0 ij. The paper cu|)s were removed imd 
ihe cured resin sanij)les were subjected to die 
J:, following lliermal t.hoek test. The samples 
were jilaced in an oven set at ISO (1. ioi i 
hour, then removed untl allowed to cool at room 
temperature lor i hour, next thrust inli> ci unlied 
stilid carbon dioxide (dry ice) ai about 70 ' 
2() i '.. lor i hour, and tlicn allowed 1o warm ut 
room temperature during i hour. TliiM cyclo 
was llLcii repeated. U wuk found tliul the rcHUi 
sample fn)in resin ilicat ion of I'olycihcr L- 1 
alone cracked in tlic hoi portion, of the fifiJi 
20 cycle. On llic otiicr hand, I lie resin Bumplc 
Iroiu die compositiun uf the invention puHNcd 
seven cycles without cracking and then alno 
pa.sscd lifty luorc cycles as described except 
diut the oven temperature was incrcuaed to 
200 C. The te«t wiis then stopped without 
Uiis resin sample being fractured or cracked. 

When employed m adhciiivc formulations, 
the compositions of the invention have tJic 
innx>rtanr advantage of impartuig lo the cured 
35 rcsin bond great resistance against mechanical 
shock. In other words, the impact strength 
obtained witli cured adhcsivcs from the com- 
positions containing the mixture of high melt- 
ing and low melting glycidyl polycthcrs is 
40 markedly, higher than that obtamed with a 
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tilled ;unK;.ivi ljA.in;i .iiij-'Je L'lye:tlyl jinlveih i. 
I hc UMpai I Mren^'.lh or r^ :.i>^Uiin.\ njj.iiiii'.! 
DietliaiiKiil shock i:; of prime inijxutante 
cpreially when the :ulhesives are employed loi 
menil lu metal bonding. 

The compositions of llie present nivemt»>n 
when cniployed in adhesive lormulalions have 
a high sbeai sireni'.th both at low and ai liigh 
lemprratute::. Theielore the composil loni, eiui 
be ulilised in many apiihealinns for which prior 1)0 
composiiioiis were nnsuilabie because lliey ilid 
not retain high shear strength at eU vuted 
lempeiaiurcs. 

Ihe unusually high impact slienutliM 
obtained with composilitHis of the inveniion iib 
will be illustrated. l-'orniulations were pre 
pared comuimng the constituents and uniomilH 
given in I'ablc II below. Allyl glycidyl cihcr 
WUH incorporated in the formuUuions m such 
ainouniK as to render llie compositions liquid. (M) 
A foriuulalion employing a single glycidyl poly- 
cilicr was included for comparison, l iic parts 
were by weight. To each composition tlicrc 
were added 8 parts of N,N-dieaiyl-i;3-pri>panc- 
diamine as curing agent. The freshly prepared m 
inixlurcs were spread on a one-inch square sur- 
face of clean aluminium blocks of about onc- 
quartei- inch thickness with a 5 millimetres 
doctor blade. Coated surfaces of two blocks 
were joined and the adhesive cured by bcatjng 70 
the joined blocks in an oven for 45 mimitcs ot 
200 F. After cooling the Izod impact strength 
was determined according to AS I'M method 

!:> ^950 — 47T. The results arc [given in the 

following table. For the compositions of the 76 
present mvcntion, it was found that the impact 
strength was greater than the limit of tlie test- 
ing machine and amoimtcd to more than 15 
foot-pounds per square inch. 



80 



Low Melting 
Polyether 



High Melting 
Polyether 



AUyl Glycidyl 
Ether as Diluent 



Impact Strength 
foot-pounds per 
square mch 



100 paits L— 1 
100 parts L — 1 
100 parts L — 1 
85 parts L — 2 



10 parts H— 1 
10 parts H— 2 
10 parts H— 3 
none 



1 parr 
3.5 parts 
- 4.5 parts^ 
15 parts' 



>15.0 
>15.0 
>15.0 
1.6 



The compositions of the present invention 
are very useful m adhcsivcs for joining a variety 
of metals as will be evident from the follow- 

90 ing. The composition consisted of 100 parts 
by wdght of Polyether L — 1 containing 5 parts 
of Polyether H— 3 to ^ch were added 5 parts 
of pipcridine as curing agent. The freshly pre- 
pared mixture was spread on a one-inch square 

95 surface of each <rf two blocks of the metals 
listed in Table HI below vnth a 5 millimetres 
doctor blade. The coated surfaces were joined 



and die adhesive was cured by baking the 
joined blocks in an oven for 24 hours at 60° C. 
After cooling, the blocks were subjected to the 100 
block shear test of the United States Army- 
Navy-Civil Committee on Aircraft Design 
Criteria: "Wood Aircraft Inspection and 
Fabrication ANC— 19 (Dec. 20, 1943), dis- 
cussed in an article by R. C. Rinker and G. M. 105 
Kline, Modern Plastics, Volume 23, page 164, 
1945. The shear strengths at 77' F. for the 
blocks were as follows: — 



736,641 



Table HI. 



Block Material 



Shear Strength 
Founds per 
square inch 



10 



15 



Alumimum (24ST) 
Aluminium (Alclad) 
Mc^ncsium 
Stainless steel (18—8) 
Copper - - - 
Brass - - - 
Hot rolled steel - 
Cold rolled steel - 
Cold plated steel - 
Silver plated steel 
Nickel - . - 



3030 
5390 
2045 
4045 
3670 
1965 
2740 
3120 
1460 
1770 
4975 



_ Certain preferred compositions of die present 
invention containing an aliphatic polyepoxide 
and their performance will be iUustrated in the 
following examples. The parts are by weight. 
l\} In testmg the compositions^ the freshly pre- 
pared adhesive mixture of the composition and 
the curmg agent was applied to dean alumi- 
nium sheets with a 5 millimetres doctor blade, 
n- coated surfaces were joined, and after 
Zo baking to effect cure, the tensile shear strength 



and the bend strength were determined as 
described in U.S.A.F. Specification 14164. The 
impaa strength was determined according to 
ASTM method D~95a— 47T with clean 
aluminium blocks prepared in like manner. 30 

Example 1. 
Base compositions were prepared containing 
100 parts of Polyedier L — 1, 10 parts of Poly- 
ether H— 4, and 12 parts of epoxidised soy- 
bean oil. The epoxidised soybean oil con- 35 
tained about 3.6 epo3^ groups per molecule 
and was the same as die epoxidised oil to be 
referred to in subsequent examples. Fine 
asbestos fibre (Johns-Manville 7TF— 2) in 
amounts listed in the following table along with 40 
10 parts of NjN-diethyMjS-propaned iamine 
were added to and mixed with the base com- 
positions. The freshly prepared adhesive mix- 
ture was tested for loining aluminium^ cure 
being effected by bafang for 45 minutes at 45 
200^^ F. in an oven. In all cases, the impact 
strength at both -70" F. and 180 F. was 
found to be more than 15 foot-pounds per 
square inch. The tensile shear strength in 
pounds per square inch (psi) and the bend test 50 
results are tabulated below: — 



Parts of Tensile Shear Strength, ps 
Asbestos at 77'' F. at 180' F. 



Bend Test, lbs. 
at 77^ F. 



66 



0 
20 
30 
40 

50 



2585 
3115 
3600 
3220 
3390 



1960 
2880 
3560 
3090 
2810 



144 
200 
180 
176 
184 



65 



It will be observed from the foregoing results 
that the composition of the present invention 
in cured condition gives very high shear 
strengths not only at room temperature (77* 
F.) but also at the elevated temperature of test, 
180' F. 

Example 2. 
The effect of various amounts of epoxidised 
soybean oil in the composition will be illus- 



trated in this example. Each mixture contained 
100 parts of Polyether L — 1, 10 parts of Poly- 
ether H — 4, 30 parts of the fine asbestos fibre 70 
and 8 parts of N,N-diethyl-l,3-propanediamine 
as well as the amounts of the eposjdised soy- 
bean oil listed in the table below. The mix- 
tures were applied as adhesive to alumimum 
and cured by bakmg for 45 minutes at 200' F, 75 



Parts of Epoxidised 
Soybean Oil 



Tensile Shear Strength, psi 
at77''F. at-70"F. 



80 



8 


2790 


2300 


10 


3500 


2565 


12 


3250 


2725 


16 


3285 


2515 


20 


3245 


2370 



It will be noted from the foregoing results 
that very high shear strengths at the low tem- 
86 peraturc^of -70' F. are obtained. 

Example 3. 
The use of other liquid aliphatic poly* 



epoxides m the composition will be iUustrated 
m this example. Base mixtures were prepared 
contaming 100 parts of Polyether L— 1 10 90 
parts of Polyether H--?, and 30 parts of the 
fine asbestos fibre. The adhesive mixtures also 
contained the liquid aliphatic polyepoxide^ 
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given in ilu- i.iMf Im1»>w iti tin- ;iiu»Minl!. iiuii- 
oilcci and \hv Uutni ainuimt:; ol N,N dirtliyl 
1, rpiopain iliatimic a:. L iii ini'. ar/'Ul. I hr mix 



mil'!, writ- applk-il a:; atlhtsivts lo alnnimniin 
atul mini by bakiiij; tor A'^ ininuU!:; a! /(H) I', b 
Tlu- K-Mihs lullow: 



10 



15 



l.iqiiiti I'olytpoxkk* 



U 

« 

iO 

12 
U) 



pails L poxiilisud 
parts iliKly^i^lyl 



suybcan oil 
laoiiOL'lhcr 



polyallyl f;lycidyl pulycilicr 





'I'ciimIo Shear 


Slirii^'.ili, j 


at : 

77 I', alui 


i'ailN 














ISO b". 


1 \\ii\u Hi 


Agcn! 


7()' I'. 


'/■/'■ I'. 


buibii}', II ,< > 




2(»2{) 










21KS 








« 


/()2S 


noo 




27(>0 


8 


/<)()() 


2890 


28!jO 




8 


vm) 


207U 




2S40 


10 


27M) 


3 I K) 


2823 




12 


27.V) 


2970 


2810 




16 


Mm 


:i:>oo 


3265 





HXAMPLI- 4. 

20 Tlic picfcncd composition of tlic incsciii 
iiivciuiou contains 100 pans of l\>lyclhci L -I, 
10 parts of Tolycthcr H— 4, 12 pails ol ihc 
employed in adlicsivc use of the compositn»o 
asbesltjs fibre. Various curing agents were 

2b ccploycd in adlicsivc use of the conipositit)u 
for u>ining aluminium, the cure being cllected 
by baking for 45 minutes at 200' 1-. The 



results lue givcTi in the following table which 
indicates the amount curing agent used in ^ 
the compi>siiion. I'or brevity, the nnu\g ugciits \M) 
idcntilicd us Triacetate 'rriisobuiyraie 
etc., were amine salts prepared by neutralising 
one nu)l of 2,4/)-tri(dimethylaminomelbyl) 
pheut>l with three mols of the appropriiile latty 
ucid to form the indicated salt, ^-^ 



c:uring Agent 
Parts and Name 



Ictisilc Shear Strength, psi 
-70" F. 77" F. 180" F. 



40 



46 



5 dimcthylethaiiolamine - 

8 dimcthylcdiunolaminc acetate 
10 triacetate - 

12 triisobutyratc - - - - 

16 irlcaproatc - - - - 
17.5 Uilauratc - 

19.3 irimyristatc - - - - 



2830 
2820 
2430 
2485 
2235 
2490 
2535 



3505 
3630 
3320 
3535 
3210 
3355 
3500 



3600 
3405 
3180 
2785 
1810 
1605 
1655 



Bend lest, 
lbs. at 
77 F. 

189 
197 
166 

174 
158 
177 



50 



Example 5. 
Tlic use of various finely divided fillers in a 
preferred composition of the present invention 
will be illustrated. In each case, the base com- 
position consisted of 100 parts of Polycther 
L— 1, 10 parts of Polycther H — 4 and 12 parts 
of the epoxidiscd soybean oil as well as the 
amount and kind of filler listed in the tabic 



below and 10 parts of N,N-dicthyl-l,3-propanc- 
diamine as curing agent. Before adding the 65 
curing agent, all the compositions except the 
first had approximately me same viscosity. 
The mbctures were tested as adhcsivcs for 
aluminium, cure being effected by baking for 
3 hours at 200" F. The results follow: — CO 



736,641 



Vl 





Parts 


Tensile Shear Strength, psi 
at 77 F. at 180" F. 


Filler 


XT 


0 


2715 


1355 


Aol/CoLUS — — — — 




3330 


2795 


Zinc oxide - - • 


122 


2395 


2660 


Titaniiini oxide 


163 


2465 


3080 


Calcium oxide - - - 


106 


2835 


2680 


Wickelic oxide - - - 


244 


2370 


3050 


L«ead oxide - - - 


264 


2475 


3415 




->*rO 


2610 


2805 


Cupric oxide - 


382 


2535 


1920 


Stannic oxide - . - 


130 


2507 


2815 


Ferric oxide 


122 


2795 


3480 


Alumina - - - - 


85 


2835 


3250 


Glass floe - - - - 


38 


3185 


1840 


Hydrated silicon dic>xide 


20 


3485 


3075 


Cellulose floe - - - 


8 


2515 


1820 




8 


2245 


1825 


Nylon floe - . - 


25 


3285 


2005 


Rice hull fioc ... 


61 


2885 


2015 



Example 6, parts of fine asbestos fibre to which was added 

The use of various times and temperatures 8 parts of N,N-diethyl-l,3-propanediamine. 

of cure will be illustrated. There was employed The mixtures were again employed as adhesives 

the preferred composition containing 100 parts to bond aluminium together using the times 30 

26 of Polyether L — 1, 10 parts of Polyether H — 4j and temperatures of cure indicated in the 

12 parts of the epoxidiscd soybean oil, and 30 following table: — 





Cure Conditions 


Tensile Shear Strength, psi 
at - 70'' F. at 77° F at 180 ' F. 


35 


45 min. at 200' F. 
45 min. at 240' F. 


- - - 2620 3390 3445 

- - - 3180 3270 2860 



Example 7. 
For purposes of comparison, the performance 

40 of a composition of the present invention will 
be contrasted with the performance of a similar 
composition which contained furfural, a vis- 
cosity reducing diluent recommended by prior 
workers in the art, in place of a liquid afipnatic 

45 polyepoxide. The composition of the present 
invention contained 100 parts of Polyether 
L — 1, 10 parts of Polyether H — 4, 12 parts of 
the epoxidised soybean oil and 30 parts of the 



fine asbestos fibre to which were added 10 parts 
of N,N-dicthyl-l33-propanediamine as curing 50 
agent to fonn an adhesive mixture. The other 
adhesive mixture contained the same kind and 
amounts of constituents except that 12 parts 
of furfural were substituted for the 12 parts of 
epoxidised soybean oil. The two mixtures were 66 
tested as adhesives to join aluminium, cure 
being effected by baking for 45 minutes at 
200" F. The results follow: — 



Tensile Shear Strength, psi 
60 Viscosity Reducing Component. at -70** F. at 77* F. at 180° F. 



Furfural - - - - - 2555 2725 1525 

Epoxidised soybean oil - - 2800 3570 3630 



It will be observed that the shear strengths almost 250% greater than that from the fur- 70 

obtained with the composition of the present fural-containing composition. 

66 invention are much superior to those obtained What we claim is : 

with the corresponding composition containing 1, A composition of matter comprising a first 

furfural. This is especially true for the strengths glycidyl polyether of a dihydric phenol in 

at the elevated temperature of 180° F. where admixture with an added 3% to 20% by 76 

composition of the invention gives a strength weight of a second glycidyl polyether of a di- 



12 



7V,/,4! 



hyiliu j)hriiul, i.aid j'Jyculyl polyiMlifr 

li;iviii|', ;i Duiiaii.'.' Mnttny MtMlnul mrlliiij; 
|uiiii( in-low U) ,{ I,/ ri>»)xy rt|uivnl('tK y iis 
lu K'inlu-liHV t!ilMK-ci Ik Uvccu ami -^0, ami 

f| coiMamin}', 1 lo t.') nl i)k* arotiiahc railicals in 
llu- average molecule llinrol; ant! saiil scloikI 
j'lytitlyl |H>Iy( llKM having a Dui rails' Mcixiiiy 
MciIkkI im-llin|', point above 7'> " C^., ii 
cpoxy e<|uivaKMKy as liei einbcloi c dcfhicd ul 

11) \.Z li> l.H anil coniaininj; at Icasl 4 ot llic 
aionjaiic radicals in the, average niolcculc 
ihercot . 

Z. A nMnpo:,iiion a.s claimed in claim 1, cum- 
niising alsi» a liqniil alii)hatic polyc|K>xidc as 
If, lu-rcinixMore tkiinetl having a viscosity of Ies:j 
III m M)() centipoiscs al 2") C). 

:J. a coiuposilion as claimed in claim 1 or 
claim 2, wlicrciii the dihydric phenol of botli 
t;lycidyl polyethers is 2,2-bis(4-hydroxyphcnyl) 
\^{) proi)ane, and the Durrans' Mercury MeUu^d 
nidling |>oin! of the first glycidyl ])olycrhcr is 
below 13 * C:. and tliat of the second is between 

125 * c. luid 180* c:. 

4. A coinposiiioii as claimed in any one of 
2f) preceding claims, wherein the percentage 
by weight oi the second glycidyl polycther is 
5 to 10%, the dihydric phenol ol both glycidyl 
pt)lyelhcrs is 2,2-bisC4-hydroxyphcnyl)propnnc, 
und the Durrans' Mercury Method nieltin|5 
point of the first glycidyl polyeihcr is from 5 ' 
C. to 12" C unci thai of the second glycidyl 



polyt iher in fi om MO C. ti, !(>() ( !. 

!>. A cocnptr.ition as claiinetl in any tme iif 
tlaim:; 2 lo 4, wluirin ihr liquid ahphain 
polyepivxiile i:. an epoxidiscd (rij^^lyceriilr, i«tii- :|/, 
taining 2.S to ty epoxy yiouj);; per molecule. 

6. A Loinposiliou us claimed in any one ol 
claims 2 lo4, wherein ihc liqmtl aliphatie poly 
epoxide is di^jlycidyl monoetlKT or polyallyl 
glycidyl elliei. *J(| 

7. A process lor tiie preparation of a conr 
position ol" matter substantially as lieieii»belore 
ilcscribeil with reference lo the specilii 
exampleti. 

H. A compositioti of matter substantially as 4U 
herrinl>eforc described with reference lo the 
s|x^cific examples. 

1>. A rcsiii prepared by curing a cx>niposiili<>n 
of n latter as claimed in any one of the preced- 
ing claims I U> 6 and 8. ft() 

10. A composition suitable for use un an 
adhesive and comprising a composition of 
matter as claimed in any one of claims I lo 0 
and K ami a curing agent. 

11. A method of adhesively uniting surfaces f,r> 
which comprises introducing between the Bur- 
faccN a composition as claimed in claim 10 nnd 
allowing or causing curing to take place. 

II. I. DOWNliS, 
Agent for the Applicants, 
Si. Helen's Court, Great St. licIeirH, 
London, E.C.3. 
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